Rapid industrialization and the development of a throw-away culture has led to waste 48 handling and disposal problems. Rapid growth is impacting on virgin materials, which are 49 available only in limited quantities. This pressure on finite resources and burdensome waste 50 is leading to both economic and societal pressures, driving the need to recycle waste (Pappu 51 et al. 2007 ). In order to facilitate development of a culture where sustainable use of materials 52 is synonymous with development, increasing political pressure is brought to bear on 53 manufacturers through national standards, incentivizing the use of waste and secondary 54 materials (Pappu et al. 2007 ; Siddique et al. 2008) . 55
The problem of waste products is of major concerns around the globe. However, 56 plastic waste is a material which has potential for recycling in various products (Pappu et al. 57 2007; Siddique et al. 2008 ). Worldwide plastic production in 1950 was 1.7 Mt, but this had 58 jumped to 313 Mt in 2014, which is approximately a 184-fold increase (Statista 2014) . 59
Polyethylene based products form the largest percentage of waste from this, at about 29% of 60 total waste plastic (DG Environment 2011). These include low density polyethylene (LDPE), 61 linear low density polyethylene (LLDPE) and high density polyethylene (HDPE). 62
Polyethylene terephthalate (PET) and polypropylene amount to 20% and 18% respectively of 63 global plastic waste, and other polymer types represent about 33% (DG Environment 2011). 64
Plastic wastes are divided into two categories; i.e. recyclable and non-recyclable, and 65 only 7% of these wastes are recycled in the UK, whereas 8% are directly burned and 80% 66 sent to landfill (Siddique et al. 2008; Statista 2014) . In fact, the recycling percentage for 67 plastic is very low, due to environmental, economic and social impacts. For instance, burning 68 polymers results in toxic gas emissions including CO 2 , CO, CH 3 , HC's, HCN, 69 CIO 2 , NO and NO 2 , which pollute the environment (Junod 1976) . Furthermore, the cost of 70 products incorporating waste plastic can be more than those produced from virgin plastic due7 to the additional cost of recycling. It is worth noting that the quality of recycled plastic may 72 not be compatible with virgin plastic after passing through various recycling processes. This 73 further limits opportunities to incorporate such materials into products. Similarly, 74 contaminated plastic products cannot be recycled due to their potential hazards and harmful 75 gases which can have serious implications for society (Statista 2014) . Additionally, sending 76 waste plastic to landfill or burning it is not an efficient solution because the evolution of toxic 77 and hazardous gases can cause serious issues for surrounding areas. Therefore, there is an 78 urgent need to explore various ways of utilizing waste plastic products in an efficient and 79 economical manner. One of the options in this regard is to utilize this plastic waste in the 80 form of aggregates in the production of concrete. 81
Plastic has been used in concrete shredded or has been mixed with other materials to 82
form an artificial or synthetic aggregate. It should be noted that aggregates amount to about 83 60-70% of the total mass of concrete, and replacing natural aggregates either partially or 84 fully with waste plastic aggregates will help preserve natural resources. This argument is 85 emphasized by the fact that global consumption of aggregate is expected to exceed 48.3 86 billion metric tons by 2015 (Fredonia 2012 ). Since plastics have lower density than most 87 natural materials, they can therefore be readily used to form lightweight aggregates which 88 may replace naturally existing aggregates of similar density. 89
However, the use of plastics as aggregate in concrete significantly reduce its 90 workability and strength properties dependent on the replacement level (Rahman et al. 2012 ; and Panyakapo (2008) found that 28-day compressive strength was reduced by 24 % as the 111 replacement percentage of melamine waste with sand was increased from 0.5 % to 1 %. A 112 recent study reported by Gu and Ozbakkaloglu (2016) also supports the above-mentioned 113 drawbacks of using plastic as aggregate in concrete. 114
Some concrete produced with a conventional lightweight aggregate has been shown 115 to exhibit excessive shrinkage and high water absorption (Kohno et al. 1999; Blanco et al. 116 2000; Rossignolo and Agnesini 2002) . This is particularly the case with lightweight 117 aggregate (of volcanic origin) available on the Arabian Peninsula. Meanwhile, economic 118 growth in this region has led to high demand for concrete products, and this has generated a 119 large demand for aggregates. Furthermore, demand is strong for materials which can provide 120 good insulation (due to the hot climate) and which have suitable structural elements for off9 shore oil production. However, the LWA concrete produced from volcanic rock is associated 122 with problems such as low strength, lack of durability, high mining and hauling costs, 123 excessive drying shrinkage, high water absorption and lack of local capacity (Choi et to other types of plastics from the polyolefin group. Therefore, the authors of the current 161 work (Alqahtani et al. 2015 ) investigated the effect of using recycled plastic aggregate (RPA) 162 as a total replacement for LWA on the durability of concrete using a chloride permeability 163 test. They conclude that the 28-day compressive strength and chloride permeability of RPA 164 concrete is reduced by 48 and 15% respectively as compared with LWA concrete. 165
This study outlines the manufacture of a novel RPA made from LLDPE and different 166 types of fillers (red sand, fly ash and quarry fines). In addition, this study presents the 167 possibility of using RPA as a total replacement for conventional coarse LWA in concrete. 168
The effect of RPA on fresh and hardened concrete properties at different w/c ratios was 169 investigated. 170
Materials and methods 172

Materials 173
The basic materials used to produce RPA were polymer and filler. The plastic (LLDPE) used 174 was supplied in powdered form by local supplier who collects all types of waste plastics from 175 local vicinity and treats them. The treatment process starts from collecting, purifying, 176
shredding, melting, pelletized and then powdered in the final form. The unit weight of 177 polymer (LLDPE) used was 918 kg/m 3 . Fillers included red sand, fly ash and quarry fines 178 with median particle size 186.37, 6.14 and 19.27µm respectively, as shown in the particle 179 size distribution curve in 
Mixture proportions 220
The design of the mix of the RPA and LWA concrete was developed in line with the ACI 221 211.2-98. For the mixes comprising RPA, the amount of coarse aggregate for RPA was 222 calculated by using the specific gravity of the RPA as a replacement for the specific gravity 223 of the conventional LWA. The mixed proportions are shown in Table 4 . Eleven concrete 224 samples were produced at water cement ratios of 0.50 and 0.60. For the RPA concrete, the 225 replacement of LWA with RPA was 100%. Concrete samples are identified by a name of the 226
format RP x F y C, where "RP x F y " identifies the RPA type and "C" represents the concrete (e.g., 227
RP1F1C -R 1 1 means RPA produced using 50% recycled LLDPE plastic and 50% red 228 sand filler, and C represents concrete). The average of three specimens at each age was taken for compressive and flexural strength 239 results. The variation between the results at each age was within ±5% of the mean value (i.e. 240 compressive strength for LWC0.5 at 28 days were 29.02, 31.34, 29.91 so the mean is equal to 241 30.09, variance is equal to 1.17, standard deviation of the mean is equal to 0.6755, so the 242 results for compressive strength of LWC0.5 is equal to 30.09 ± 0.7). Therefore, the mean 243 aggregate and concrete was performed using an FE-SEM (field emission scanning electron 245 microscope) versa 3D. SEM imaging was performed to explain the microstructure and mode 246 of failure of the concrete. 247 248
Results and Discussion 249
Recycled plastic aggregate investigation 250
The results for the RPAs as summarized earlier in Table 3 show that RPA had a nominal 251 maximum size of 10mm. The particle shapes of RPAs produced using red sand, fly ash and 252 quarry fines were sub-angular, sub-rounded and angular respectively, whereas surface 253 textures of RPAs with red sand, fly ash and quarry fines were partially rough, smooth and 254 rough, respectively. The aggregate's shape and texture significantly affects workability and 255 other fresh and hardened concrete properties. For angular and rougher aggregate, the bonding 256 between cement matrix and aggregate is enhanced. Rahmani et al. (2013) observe that 257 bonding is adversely affected by smoothness of aggregate texture. Similarly, Panyakapo and 258 Panyakapo (2008) reported that bonding was improved due to the roughness of aggregate 259 particle texture. The latter point also has been reported by Kaplan (1959) , who pointed out 260 that the interlocking between coarse aggregate and cement paste can be enhanced with 261 rougher particle texture, which ultimately improves the mechanical properties of the 262 concrete. 263
Likewise, the aggregate grading has a vital effect on both fresh and hardened concrete 264
properties. For example, well graded aggregate provides better workability and strength in 265 contracts with poorly graded aggregate. Also, the amount of cement paste needed for 266 bonding in the case of well graded aggregate is less compared with the poorly graded case. 267
Therefore, the sieve analysis was conducted and results plotted in Group 3 which deviated from the minimum permissible limits of upper sieve by 32 % and 26 276 % for RP1F1A and RP2F1A respectively .This is because the particle size of the red sand 277 filler was coarser when compared to other types of fillers. Similarly, LWA is deviated by 39 278 % from the minimum limits of upper sieve. 279 Therefore, the RPA aggregate manufactured using red sand filler was coarser, 280 whereas RPA formed using quarry fines was finer as compared with other types of RPA. 281
Similarly, the fineness modulus of the RPA marginally decreased with the increase in filler 282 percentage (from 50% to70%). However, the fineness modulus slightly decreased, by 2.7%, 283 9.8% and 10.1%, as compared to the conventional LWA at the 70% filler percentage. The 284 fineness modulus of RP1F1A was the highest among all samples due to the large size of 285 particles of the red sand filler (as mentioned above) compared to other types of fillers. 286
Meanwhile, RP2F3A was the lowest among all RPAs, indicating that its particles were finer. 287
Therefore, the finer aggregate may adversely affect workability but may also enhance 288 compressive strength. 289
The unit weight of the RPA indicated a 20%, 0.5%, and 3.5% increase with 290 incorporation of each filler (red sand, fly ash, and quarry fines) with the increase in filler 291 percentage (from 50% to 70%). However, when compared with conventional LWA, the 292 general trend for the unit weight of RPA revealed a significant decrease in unit weight as 293 compared to conventional LWA, with the exception of RP2FIA's unit weight, which showed 294 an increase. The unit weight reduction of RP1FIA, RP1F2A, RP1F3A, RP2F2A and RP2F3A 295 was 14%, 23%, 27%, 22.5% and 10% respectively, while RP2F1A's unit weight increased 296 insignificantly, by 7% as compared to conventional LWA. This reduction in the unit weight 297 of the RPA compared to conventional LWA was due to the lighter weight of the plastic and 298 the filler, as well as an average 5% increase in void ratio as compared to conventional LWA. 299
A reduction in unit weight reduces the overall weight of the structure, which can result in 300 cost savings. 301
The water absorption of RPA was lower as compared to conventional LWA. Water 302 absorption reduction for RP1FIA, RP1F2A, RP1F3A, RP2F1A, RP2F2A and RP2F3A was 303 85%, 66%, 68%, 84%, 51% and 47% respectively, as compared to conventional LWA. The 304 reduction in water absorption of RPA observed would resolve the high water absorption 305 associated with conventional LWA, as it would require less water when making the concrete, 306 as little is absorbed by RPA. In addition, the increase in filler (red sand, fly ash, and quarry 307 fine) percentage from 50% to 70% increased water absorption by 1.5%, 33.36% and 39.34%, 308
respectively. This is because the plastic had no water absorption capability, while the trace 309 increase in absorption of RP1F1A and RP2F1A compared to other RPAs was due to the red 310 sand filler being less absorbent. 311
Aggregate strength was also measured using an impact value test. The test findings 312
show that the impact value of LWA is 39 %, while RPA strength cannot be measured using 313 this test. This is because RPA is not crushable due to the plastic nature of its matrix, as 314 the results of three samples of each test confirmed the lower variation which is repeatedly 328 observed at all ages. It seems that in terms of the overall performance of the concrete, the 329 mixing of different components to form the aggregate was adequate. 330
331
Concrete investigation 332
Fresh properties 333
The fresh properties of RPA concrete examined included slump and fresh densities. Results 334 are tabulated in Table 5 . Results show that the slump of RP1F2C0.5 was 9% higher and that 335 of RP2F3C0.5 was about 80% lower compared to LWA concrete. The increase in slump for 336 RP1F2C0.5 was attributed to the sub-rounded particle shape and smooth surface texture of 337 RPA containing fly ash filler, and also to the fraction of loose particles as mentioned earlier 338 and shown in Figure 4 . The low amount of slump in RP2F3C0.5 was ascribed to the friction 339 caused by the angular particle shape and rough surface texture of RPA with quarry fines as 340 filler. Additionally, due to the overall well graded grain size distribution; the slump of 341 concrete made with RPA with red sand (i.e. RP1F1C0.5 and RP2F1C0.5) achieved the 342 targeted slump (75-100mm). Similarly, the slump of the RP1 group concretes was 21%, 9%and 53% higher than the RP2 group concretes made with RPA using red sand, fly ash and 344 quarry fine fillers respectively. 345
It can be concluded that the slumps for RPA concrete made with red sand and quarry 346 fines fillers (RP1F1C0.5, RP1F3C0.5, RP2F1C0.5 and RP2F3C0.5) were 52.5 %, 57.5 %, 347 62.5 % and 80 % lower than the conventional one. This trend was in agreement with previous 348 work carried out by Jansen et al. Additionally, the slump results showed that with an increase in water-cement ratio of 355 0.1, the slump of concrete produced using RPA containing fillers of red sand, fly ash, and 356 quarry fine increased by 46%, 8%, and 41%, respectively, whereas the conventional LWA 357 concrete had a nominal increase. The reason for this is that a lower amount of cement 358 requires less water for interaction, leaving more free water. The same finding was observed 359
by Rahmani et al. (2013) . However, with respect to the cement amount, two water contents 360 was exist. The mixtures with high water content provided higher slump. Also, it is inferred 361 from the results that the effect of an increase in the water/cement ratio of 0.1 is less 362 prominent in conventional LWA concrete as compared to RPA concrete. However, the slump 363 of RPA concrete was less than LWA concrete at the same w/c ratio. 364
Similarly, the fresh density of RPA concrete was reduced (the highest reduction was 365 10% for RP1F2C0.5) except for RP2F1C0.5 (which had a marginal increases) compared to 366 LWA concrete. The lightweight nature of RPA concrete was expected due to the fact that a 367 large volume of the concrete, around 60 to 70%, comprised lightweight material (with 100%replacement of conventional coarse LWA). The highest reduction in fresh density, seen in 369 RP1F2C0.5, was due to the fly ash used and the light weight of the plastic particles. 370
Furthermore, an increase in water-cement ratio of 0.1 results in a marginal decrease in the 371 density of fresh concrete for RPA and LWA concrete. Therefore, an increase in the w/c ratio 372 of 0.1 had no significant effect on fresh density of either the conventional LWA or RPA 373 concrete. It seems that the nominal decrease in fresh density of both RPA and LWA 374 concretes was due to the reduction in quantity of the cement, which affected the overall 375 density of concrete, as the density of cement is greater than that of aggregates. 376
377
Dry density 378
The results for the dry density of all types of concrete are shown in Table 6 WPLA at 75 % replacement was reduced by 31 %. Additionally, the increase in water-388 cement ratio of 0.1 did not have a significant effect on the dry density of concrete produced 389 using RPA (i.e. RP1F1A, RP1F2A and RP1F3A concretes -see Table 6 ). 390
Compressive strength 392
The results for the compressive strength of all types of RPA concrete and LWA 393 concrete at the age of 7, 14 and 28 days, with a water to cement ratio of 0.5, are shown in 394
Figure7. The compressive strength of all concrete mixtures was observed to increase between 395 the ages of 7 and 28 days, as expected. The percentage increase in compressive strength from 396 7 to 14 days was observed to be 16%, 18% and 16% for LWA, RP2F3A and RP2F1A 397 concrete mixtures respectively. Similarly, an increase of 19%, 13% and 5% in compressive 398 strength from 14 to 28 days was observed for LWA, RP2F3A and RP2F1A concrete 399 respectively. The percentage difference between the maximum (RP1F3C) and minimum 400 (RP2F2C) compressive strengths attained at 7 days among all RPA concretes was 18%. 401
Meanwhile, the percentage difference between the maximum (RP2F3C) and minimum 402 (RP1F2C) compressive strengths at 14 and 28 days among all RPA concretes was 12% and 403 22%, respectively. At 28 days, the smallest reduction in compressive strength was observed 404 in RP2F3A concrete, which was 40% less strong than conventional LWA concrete. By 405 contrast, the maximum reduction in compressive strength was seen in RP1F2A concrete, and 406 was 53% as compared to conventional LWA concrete. In addition, this result suggests that 407 
Flexural strength 436
The results for flexural strength of all types of RPA concrete and conventional LWA 437 concrete at the age of 7, 14 and 28 days with a w/c ratio of 0.5 are shown in Figure 9 . The 438 flexural strength of all concretes was observed to increase with age, as expected. An increase 439 of 8% and 16% in flexural strength from 7 to 14 days was observed for RP2F1A and LWA 440 concrete respectively. Similarly, an increase of 8% and 10% in flexural strength from 14 to22 28 days was observed for RP2F1A and LWA concrete respectively. Additionally, among all 442 RPA concretes, the percentage difference between the maximum (RP2F1C) and minimum 443 (RP2F2C) flexural strength attained at 7 days was 14%. In comparison, the percentage 444 difference between the maximum (RP2F1C) and minimum (RP1F2C) flexural strength at 14 445 and 28 days among all RPA concretes was 9% and 4% respectively. This reveals that the 446 percentage difference in flexural strength across all RPA concrete is less prominent 447 compared with that for compressive strength at the same age. At 28 days, the minimum 448 reduction in flexural strength was observed in RP2F1A concrete, which was 27% less strong 449 than conventional LWA concrete. Meanwhile, the maximum reduction in flexural strength 450 was seen in RP1F2A concrete, at about 31% as compared to conventional LWA concrete. 451
The flexural strength test has not been conducted previously by those researchers who used 452 manufactured plastic based aggregate in concrete. Therefore, a comparison with previous 453 researchers who replaced recycled plastic with aggregate was adopted. replacement. The reduction in the flexural strength of RPA concrete was due to a decrease in 465 the amount of rigid natural aggregate, which was replaced by RPA. In addition, the strengthof the cement/RPA relies essentially on surface roughness (physical interlocking), whereas 467 with a natural aggregate, a chemical bond is formed at this interface. 468
The effect of water-cement ratios of 0.5 and 0.6 on the flexural strengths of concrete 469 containing RPA and LWA is shown in Figure 10 . The general trend showed that flexural 470 strength was inversely proportional to the water-cement ratio. The flexural strength of LWA 471 and the RPA concrete produced using fillers of red sand, fly ash, and quarry fines was 472 decreased by 8%, 18%, 17% and 15% respectively at 0.1% increase in water-cement ratio. 473
The highest flexural strength among all RPA concrete was achieved by RP1F3C, at about 474 3.72MPa (at a w/c ratio of 0.5) and the lowest by RP1F1C at 2.99MPa (at a w/c ratio of 0.6). 475
476
Microstructure investigation 477
A detailed analysis of the microstructure of concrete mixture samples made with RPA and 478 LWA was performed using SEM imaging, as shown in Figure 11 . In the case of RPA 479 concrete, it is clear from the SEM image that RPA concrete made with quarry fines is more 480 strongly bonded to the concrete cementious matrix than the RPA concrete made with fly ash. 481
Also, the mode of failure between the matrix and RPA made with fly ash shows a wider 482 space than that given between the cement matrix and RPA made with quarry fines. This was 483 attributed to the higher roughness of the aggregate made with quarry fines, due to its high 484 degree of angularity in contrast to that with fly ash particles, which have a smoothness of 485 surface texture and a sub-spherical shape. A similar observation was made by Yazoghli 486 fines. This observation shows that the concrete with LWA is more strongly bonded to the 496 cement matrix than the RPA with the cement matrix. 497
Mechanism of failure 498
Concrete made using conventional lightweight aggregate behaved as expected at failure 499 under flexural loading, whereas the use of RPA in concrete resulted in a more complex 500 response as there is greater difference in stiffness between the aggregate and the matrix, 501 compared to conventional aggregate. The former can be seen in Figure 12(a) , where a brittle 502 failure was observed, while with the latter being more flowable, thus, under loading, there is 503 stress transfer from the aggregate to the matrix. Since no significant boundary failure was 504 observed between aggregate and matrix, this concrete deforms in a plastic manner with no 505 through-sample cracking until significant deformation has taken place. This behaviour can 506 be seen in Figure 12(b, c and d) . This behaviour is similar to that observed by Hannawi et al. 507 (2010) , who report that mode of failure for concrete containing PET plastic aggregate is more 508 ductile. 509
Furthermore, under compression loading, two mechanisms of failure were observed 510 during the course of this study, as follows: 511 1-The mode of failure in conventional lightweight concrete is characterised by crack 512 propagation through the aggregate itself, leading to single major cracks, as shown in Figure  513 13(a). 514 2-On the other hand, due to the plastic nature within the matrix of the RPA, the mode of 515 failure becomes different. It is found that stress transfer leads to deformation in theaggregate, instead of crushing or cracks through the aggregate, as shown in Figure 13(b) . 517
This was in agreement with Saikia and Brito (2014) there is no landfill cost for dune sand. Therefore, the below expression (Eq.2) was used to 549 calculate the material cost after taken landfill cost into consideration (EPA 1996; cited by 550 Kashi et al. 1999) . 551 552 Material Costs ($/ton) = % of plastic × (LLDPE cost-1 ) + % of filler × (filler cost-2 ) (Eq.2) (EPA 1996) 553 (Where 1 is the disposal cost of LLDPE and 2 is the disposal cost of filler, both in $/ton) 554
555
As a result, the cost of RPA produced using LLDPE and dune sand using (Eq.2) was 556 reduced to $403.25/ton and $242.95/ton respectively at (50/50 and 30/70) of LLDPE to filler 557 respectively. Similarly, the cost of RPA produced using LLDPE and fly ash was also reduced 558 to $459.5/ton and $321.7/ton respectively at the same proportions levels. Although, the RPA 559 produced at (30/70) of LLDPE to dune sand shows the most cost effective amongst the RPA 560 produced, still the cost of materials used to produce RPA is not cost effective due to low cost 561 of dumping of plastic and fillers and high price of recycled plastic waste. However, the cost 562 will reduce if stricter regulations are implemented which will ultimately increase the disposal 563 cost and taxes fixed on natural aggregate mining. Also the materials cost of RPA production 564 will be more cost effective if the price of recycled plastic is reduced by taking plastic waste 565 from the household straightway or use it directly without any further treatments. At length,the production of RPA does not consider the energy recovered and the environmental 567 benefits associated with reduction in plastic and granular waste. For example, recovering 3 568 million tons of plastic waste would reduce the CO 2 emissions by 3.8 million tons (EPA 569 2015). Furthermore, the cost effective study does not consider the fact that this type of 570 aggregate (RPA) has some unique properties associated with high ductility due to the 571 presence of the plastic in their matrix which will enhance the demand in market for particular 572 sector. 573
It is worth also noting that whilst RPA is weaker than convention lightweight aggregate 574 (LWA), it has a number of benefits, such as reduced unit weight, and could have applications 575 in backfilling trenches, pavements or in non-structural elements where high strength is not 576 required, as described by Alobaidi et al. (2000) and Ghataora et al. (2000) , along with a range 577 of other potential applications. Due to the reduction in weight, there will be potential cost 578 savings in terms of cost and environmental benefit: the latter due to reduced haulage and 579 utilisation of both plastic and previously waste granular materials. 580
581
Conclusions 582
Overall, RPA aggregate exhibits potential applications for use as a replacement for 583 conventional LWA, as this innovative aggregate is lighter than LWA. Thus, the technology 584 developed for manufacturing this aggregate, as well as the manufactured aggregate itself, has 585 the potential to be exported outside the Gulf region to other countries which are deficient in 586 natural, lightweight construction materials. Conclusions can be drawn from this study as 587 elaborated below: 588
• Novel synthetic recycled plastic aggregate (RPA) was successfully manufactured using 589 LLDPE and different types of fillers (at 50/50 and 30/70 LLDPE/filler). 590
• The novel RPA (i.e. RP1F2A, RP1F3A and RP2F2A) has satisfying ASTM C330-04 591 standard limits, whereas, RP1F1A, RP2F1A and LWA were deviated from the minimum 592 permissible limits by 32 %, 26 % and 39 % % respectively. Also RPAs demonstrate 593 lower unit weight and water absorption compared to LWA. 594
• The crushability of LWA is pronounced, while RPA is not crushable due to the plastic 595 nature of its matrix. 596
• RPA can be used in concrete as a total replacement for conventional LWA. 597
• The reduction of compressive strength due to RPA incorporation was between 40 % and 598 53 %. Similarly, the reduction for flexural strength was between 27 % and 21 % 599 compared to the LWA concrete. 600
• Compared with LWA concrete, the reduction in the flexural strength of the RPA concrete 601 is less noticeable than the reduction in compressive strength because of the elastic and 602 ductile behaviour of the plastic in the RPA particles. The RPA concrete can thus be used 603 for structures where concrete with ductile behaviour is required instead of LWA 604 concrete. 605
• Only two types of RPA concrete, namely RP1F3C0.5 and RP2F3C0.5, complied with the 606 compressive strength requirements of ASTMC 330-04. Hence, it can be used for 607 applications where low strength is accepted, such as pavements, paths and backfill of 608 utility trenches. 609
• The mechanisms of failure in conventional lightweight concrete are characterized by 610 crack propagation through the aggregate itself, whereas in RPA concrete, stress transfer 611 leads to deformation in the aggregate instead of crushing or cracking through the 612 aggregate. 613
• The RPA produced at (30/70) of LLDPE to dune sand shows the most cost effective 614 amongst the RPA produced. However, it still costly ineffective due to low landfill and 615 high cost of recycled plastic waste. 616
• The cost of RPA will reduce if stricter taxes regulations are implemented and if the 617 plastic waste was taken from the household straightway or use it directly without any 618 further treatments. 619
• Recovering plastic waste would reduce the CO 2 emissions by 3.8 million tons. 620
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